2002410^18. PubMed ID: 12165799. TNFalpha induces acetylation of p53 but 
attenuates its transcriptional activation in rheumatoid synoviocytes. 
Hakazawa Minako; Aratani Satoko; Hatta Mitsutoki; Araya Natsumi; Daitoku 
Hiroaki; Kawahara Ko~Ichi; Watanabe Shin-Ichi; Nakamura Hiroshi; Yoshino 
Shin-Ichi; Fujii Ryouji; Fujita Hidetoshi; Fukamizu Akiyoshi; Nishioka 
Kusuki; Nakajima Toshihiro. (Rheumatology, Immunology and Genetics 
Program, Institute of Medical Science, St. Marianna University, School of 
Medicine, Kanagawa, Japan. ) International journal of molecular medicine, 
(2002 Sep) Vol. 10, No. 3, pp. 269-75. Journal code: 9810955. ISSN: 
1107-3756. Pub. country: Greece. Language: English. 

AB Synovial hyperplasia is an important feature of rheumatoid arthritis (RA) 
and we have reported that several transcription factors were highly 
activated in rheumatoid synoviocytes. The purpose of this study was to 
examine nuclear acetylation in synoviocytes as an activation marker and 
determine its role in cell activation. Autonomous acetylation of 
approximately 53 and 62 kDa nuclear proteins was detected in rheumatoid 
synoviocytes by anti-acetylated lysine specific antibody. 
Furthermore, tumor necrosis factor alpha (TNFalpha) , a potent mitogen for 
synoviocytes, dose-dependently increased their state of acetylation. 
Immunoprecipitation analysis' revealed that 53 kDa acetylated protein 
(ap53) was identical with p53, a tumor suppressor gene product. Since 
enhanced p53 binding to the promoter by TNFalpha treatment was detected by 
gel shift assay, we analyzed p53 promoter activity by reporter assay 
system. Contrary to enhanced binding activity, the transcriptional 
activity was attenuated in a TNFalpha concentration-dependent manner. 
Since p53 activation requires recruitment of CREB binding protein (CBP) as 
a coactivator, we also examined the effect of CBP on TNFalpha-induced 
attenuation of p53 promoter activation. Overexpression of CBP induced p53 
transcriptional activity and recovery of TNFalpha-induced inhibition. Our 
results clearly indicate that autonomous nuclear acetylation is 
characteristically enhanced in rheumatoid synoviocytes and that p53 is one 
of acetylated protein. Our results also demonstrate that TNFalpha-induced 
acetylation of p53 attenuated its transcriptional activation via CBP 
depletion, and that overexpression of CBP enhanced TNFalpha-induced cell 
death in rheumatoid synoviocytes, suggesting that regulation of 
transcriptional coactivator become a novel strategy for RA therapy 



2000076702. PubMed ID: 10607594. Acetylation of the HIV-1 Tat 

protein by p300 is important for its transcriptional activity. Ott M; 
Schnolzer M; Garnica J; Fischle W; Emiliani S; Rackwitz H R; Verdin E. 
(Deutsches Krebsf orschungszentrum (DKFZ), Heidelberg, 69120, Germany. ) 
Current biology : CB, (Dec 16-30 1999) Vol. 9, No. 24, pp. 1489-92. 
Journal code: 9107782. ISSN: 0960-9822. Pub. country: ENGLAND: United 
Kingdom. Language: English. 

AB The hiaman immunodeficiency virus 1 (HIV-1) Tat protein activates 

transcriptional elongation by recruiting the positive transcription 
elongation factor (pTEFb) complex to the TAR RNA element, which is located 
at the 5' extremity of all viral transcripts [1-3]. Tat also associates 
in vitro and in vivo with the transcriptional coactivator p300/CBP [4-6] . 
This association has been proposed to recruit the histone 
acetyltransf erase (HAT) activity of p300 to the integrated HIV-1 
promoter. We have observed that the purified p300 HAT domain acetylates 
recombinant Tat proteins in vitro and that Tat is acetylated in vivo. 
The major targets of acetylation by p300 are lysine residues (LysSO and 
Lys51) in the arginine-rich motif (ARM) used by Tat to bind RNA and for 
nuclear import. Mutation of these residues in full-length recombinant 
Tat blocked its acetylation in vitro. Furthermore, mutation of these 
lysine residues to arginine markedly decreased the synergistic activation 
of he HIV promoter by Tat and p300 or by Tat and cyclin Tl. These 
results demonstrate that acetylation of Tat by p300/CBP is important for 
its transcriptional activation of the HIV promoter. 



2000012920. PubMed ID: 10545121. HIV-1 tat transcriptional activity is 
regulated by acetylation. Kiernan R E; Vanhulle C; Schiltz L; Adam E; 
Xiao H; Maudoux F; Calomme C; Burny A; Nakatani Y; Jeang K T; Benkirane M; 
Van Lint C. (Laboratoire de Virologie Moleculaire et Transfert de Gene, 
Institut de Genetique Humaine, UPR1142 Montpellier, 34396, France, ) The 
EMBO journal, (1999 Nov 1) Vol. 18, No. 21, pp. 6106-18. Journal code: 
8208664. ISSN: 0261-4189. Pub. country: ENGLAND: United Kingdom; Language: 
English. 

AB The human immunodeficiency virus (HIV) trans- activator protein. 

Tat, stimulates transcription from the viral long-terminal repeats (LTR) 
through an RNA hairpin element, trans-activation responsive region (TAR) . 
We and others have shown that trans-activator protein (Tat) -associated 
histone acetyltransf erases (TAHs), p300 and p300/CBP-associating factor 
(PCAF), assist functionally in the activation of chromosomally integrated 
HIV-1 LTR. Here, w e show that p300 and PCAF also directly acetylatjg 
^Tat. We defi ned two sites of acetylation lo ^caiLed-Ji n^dlf f eren t 
f^iinrti,o nal domains of Ta t. p300 acetylated LysSO in the TAR RNA binding 
domain, while PCAF acetylated Lys28 in the activation domain of Tat. In 
support of a functional role for acetylation in vivo, histone deacetylase 
inhibitor (trichostatin A) synergized with Tat in transcriptional 
activation of the HIV-1 LTR. Synergism was TAR-dependent and required 
the intact presence of both Lys28 and Lys50. Mechanistically, acetylation 
at Lys28 by PCAF enhanced Tat binding to the Tat-associated kinase, 
CDK9/P-TEFb, while acetylation by p300 at Lys50 of Tat promoted the 
dissociation of Tat from TAR RNA that occurs during early transcription 
elongation. These data suggest that acetylation of Tat regulates two 
discrete and functionally critical steps in transcription, binding to an 
RNAP II CTD-kinase and release of Tat from TAR RNA 
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HTV-l Tat-Based Vaccines: From Basic 
Science to Clinical Trials 
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EFTWDA VARDAS 3 MAURO MA GNAN I,^ ELENA LAGUARDM,^ ANTONELLA CAPUTO.^ 
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ABSTRACT 

Vaccination against human inununodefidency vims (HIV)-! infection requires candidate antigen(s) (Ag) ca- 
pable of Inducing an effective, broad, and long-Jastiiig immune response against HIV-1 despite mutation events 
leading to differences in vims dades. The HIV-1 Tat protein Js more conserved than envdope proteins, is cs- 
soitial in the virus life cyde and is expressed very early upon virus entry. In addition, botii humoral and cd- 
lolar responses to Tat have been reported to correlate with a ddayed progression to disease in both humans 
and monkeys. TUs suggested that Tat is an optunal target for vaccine devdopment ahned at controlling virus 
replication and blocking disease onset Here are revie\red the results of our studies induding the effects of 
the Tat protein on monocyte-derived dendritic cdls (MDDCs) that are key antigen-piesenting cells (APCs), 
and the results from vacdoation trials with botii the Tat protein or tat DNA in monkeys. We provide evidence 
that the HIV-I Tajt protein is very effidentiy taken up by MDDCs and promotes T hdper (Th}-1 type hn- 
mune responses against itself as well as other Ag. In addition, a Tat-based vacdne didts an Immune r^ponse 
capable of controlling primary infection of monkeys with the pathogenic SHIV89.6P at its early stages al- 
lowing the containment of virus spread. Based on these results and on data of Tat conservation and immune 
cross-recognition In Gdd isolates fkx)m different dades, pliase 1 dinical trials are being initiated in Italy for 
both preventive and therapeutic vacdnation. 



INTRODUCTION 

HIV INFECTION IS PROGRESSiVELy SPRBADINO, particularly in 
the developing countries where the increasiDg Dumber of 
deaths due to AIDS strongly and urgently calls for an effective, 
safe, and inexpensive vacdne against AIDS. Since the charac* 
terization of HIV in the early 808, many attempts have been 
made to find and develop a candidate vaccine of proven safety 



and efficacy. However, due to the high variability of the enve- 
lope (Env) proteins and to the limited accessibility of relevant 
cross-neutralizing epitopes, vaccine studies aimed at inducing 
adequate titers of long-lasting antibodies (Ab) neutralizing dif- 
ferent virus stt-ains have substantially fiailed (Pairen ei al., 
1999). Nevertheless, protectioA against beCerologous patho- 
genic vinises was achieved in nonhuman prinoates vacdnated 
with live-attenuated simian iramunodeGciency virus (SIV). pro- 
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duc«l and a val«*lc tool to beuer undmtand Ihe^mech^ 
Bid correltos of protection from pathogenic vinises (ft,r a re- 

of revmant pathogenic vinises and the apparent paSiSty 
fj^ vinises in newborn mS^t? 

199 : W»«anpie.««/... X99,,Bn^aoSS,^'^: 

ria".:"^"''"""' «> their «c for vaociJSoru, 

Because Env-based vaccines have failed at inducing a ster- 
p«nts are being considered in vacdne strategies. su«*m Uw 

S ^Snrr '"'"'^ '^^^ Pho- 

tons DNA plasnnds or expression vectors (mostly in prime- 

boo« regimens) are being tested in animal models or 

cSl'^'''^ ^ '"^ ' *° ""^ vims S^e^ 

ete aw^are adequately immonogenic and conserved among s^. 
«ri vu™ subtypes. Among these, the HIV- 1 Ta, protTi^ S 
*«e «qu.rem«,ts and. to da.e, is considered as a potential 

taro. 2001). The more attractive feamres of Tat are: (1) iiseariv 
egression and critical role in the vinis life cycte- f2) £^ 
relahon of die anti-Tat immune response ^irlS^^o^ 
.0 AIDS m mfected individuals; (3) ic, peculiar pt^p^Z 

CAPCs) and to be presented io the context of the major histo- 
compat.Wlity complex (MHQ class I; (4) die <SSvS 
ainong geogmphicaUy distinct isolates; (i) t^^**^ 
mvmoe«u«^. and efficacy of Ta, vaccination inSp^ 
These aspects are briefly described. 
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ito early stages. n«refore. an effective immune response to 
Tat inny efficienUy inhibit vims replication and dis«mina 
tion. thus preventing die progression to AIDS. 

The protective role of the arui-Tat immune response 
Sevoal studies support the concept that an immune response 

IT • ^ ' ^^"^ "^y Soff^ 

aoa M vivo. Fin,, the protein is immunogenic and well cm- 
-vcd^ the fonowing secUon). eliciting Ab re^i'S. to 
T"'' T**^ nonpi^on to AIDS (Reiss er 
ol ) m Rodman ei cl., 19M: Re « a/.. 199S; Zagmy « »/ 
2- A--Jingly. h, using an algorithm bss^^o o^i 
nuzed ELISA assays, we have observed a higher prevalence of 
bod, an^Tat IgM and IgG Ab in osymptomiS: I.E X J 

V^oren,. A. Tnp.ciano. et al.. in prepaiaUon). Similariy 
cm toTatareflrquenUy detected in asymptomatic HIV-S 
fccted individuals (Addo « at., 2001). and have been shown To 

1997). Ttas conelation has been recently confirmed by us in 

2000. 2001). Fmally. a recent study (Allen et at.. 2000) has 
^wn dia, anU-Ta. ClXs are key u, control earty vbTLt 
«Oon d^nng p„,^aiy SIV tofecdon. exerting an immune pre - 
leadmg to selection oflcss pathogenic Lape mwanS 

Uptake presentation, and induction qfTh- 1 responses 
hy soluble native Tat protein responses 



Role of Tat in the virus Ufe cycle 

fJH 111 °^ veor eariy after In- 

fcoion before U,e stnictuml genes (env. gag. and poOevcn 
^fore viral integration (Wu and Ma«h. Imi). 

rennLlf • I ' " '^^^>' «se'"i«l for viral 
r2>li«»Uon. transtnission. and disease progression fH K 
^ang «a/.. 1994. 1995). In the absence o^fTiL fac^eJ: 
tromely poor amounts of stnictural proteins are «pxe«S wIa 

£f2;J t1' " Tat is released by 

tofect^ Jiu • k" ^"^^ " ««» can enter both 

f^^l-n * w P"*™'" "V replication, and nnin- 
feaed cells m which induces the expression or repressing of 
ccDular genes controlling the cell cycle and cell a(^rtio„ 

fl^ 994. 1995; L. ei oL. 1997). In addition. Tat has been^^ 

iSJ '=^"«*"»«> and CXCR4 (Huang 

tivTtv'rf ^ " «»«"tial for the infec- 

tivity of macrophage- and T-cell-tropic HIV-I strains re- 

mfected cells express W v^^ 
cytotoxic T lymphocytes (Cm) that may block infection « 



• P~«««' «««« the Mlfc class 

qS?^^ presentation and elicits CTL activity (Moy « 

oS!'^ M*"^' l»^)'-f«n'««hatTa,shareswd, v^fov' 

cvS^rff '^^'.'^ "'P«"» "»"' f^"" that moao- 
APCs. take up Tat much more efficiently dian odier cell tvoes 
such as T ecu btasts and B-lymphoblasL ceU liL and'^T^ 

l^io «^r2MiT"^r'*".r''P"''"« (Fanales-Be- 
usio et aL. 2002). Specifically. Tat is taken up by MDDCs ai 

ter 5-10 mm. This process is markedly hampTred brS« ox- 
.dotion/inactivation of Uie protein (Rg. l). iTd by loTtem- 

maturanon. snggestmg the involvement of a re^ptor-mS! 
««J pathway »pregulau«l upon cell matumtlon. aAd exclud- 

h^ganmvolveme„tofd«pin.Kphagocyticpati,;ays.Sdt 
mim bed .n mature MDCCs (Bell et al.. 1999). Moreover Tat 
also mduce, MDCCs maturation ai retatively h^hZw ( i 2 
^20 Mg/ml). as indicated bye dos.-dependenfinc^^ o5 

CpsO. a>86) molecules (Fig. 2A) and of the producnW 

(Rg. 2B). In contrast, oxidized Tat had no eff-ects &Mkt«n 
wiUi these data. MDDCs treated with Tat ha^l^^^J 
capacity to present both allogeneic *„d recall Ag 
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T cell responses against heterologous Ags (Fig. 3) (Fanales- 
Belasio et al., 2002). 

Conservation of Tat among geographicalfy 
distinct isolates 

Sludies conducted in Uganda and in South Africa indicate 
that the Tat sequence, from African individuals Infected with 
A', C, and D subtypes, is conserved in its immunogenic epitopes 
(Buttd et al,, in preparation) and that sera firom these individu- 
als recognize and neutralize in vUro the activity of a Tat pro- 
tein derived from a distantly related subtype B isolate (Buttd et 
al., in preparation). Furthermore, a recent sequence data anal- 
ysis confirmed the conservation of the immunodominant B cell 
epitopes of Tat among distantly related HIV-l subtypes (Gold- 
stein et ol,, 2001 : and our unpublished data). Thus, there is clear 
evidence that, due to cross-clade recognition, a Tat-basod ap- 
proach may woxic against infection widi different viral clades. 

Sqfety, inmunogenicity, and efficacy of ami-Tat 
vaccine in macaques 

Injection of biologically active Tat protein or wild-type tai 
DNA is safe, as indicated by our safety studies conducted in 
276 mice, 48 guinea pigs, and 27 monkeys in which no local 
or systemic toxicity or adverse effects (at the biochemical, 
hematologic, or i mmunologic level) were ever observed (Caselli 
et at., 1999; Cafaro et at., 2001; our unpublished data). Data 
from othen confirmed the absence of toxicity of biologically 
active Tat or tat DNA in mice or monkeys (Hii^la et al„ 1997; 
Osterhaus et a^. 1999; Pauzla et aL, 2000; Nilsson et at., 2001; 
Allen et al„ 2002; Silvera et al., 2002; Caputo et al, 2002, in 
press). In addition, no enhancement of virus repUcadon nor 
CD4+ T cell decline was detected in SHIV89.6P-infected mon- 
keys with AIDS that received Tat protein and tat DNA in a 
safety study of the therapeudcal approach (our unpublished 
data). Moreover, vaccination of IHV-l-Mected individuals 
with tot DNA confumed that immunization with Tot is safe, • 
because no induction of virus transcripdon was observed, de- 
spite the evidence of boosting of specific immune responses 
(Calarota er a/., 1998. 1999). 

The immunogenicity of the HTV-l Tat protein or tat DNA 
has also been demonstrated in mice and in monkeys in which 
vaccination with the Tat protein or tax DNA induced both hu- 
moral and cellular (including CTL activity) Tat-specifjc im- 
mune responses (Hinkula et aL 1997; Caselli etai,, 1999; Ca- 



F;IG. !• Native, but not oxidized. Tat is efficiently taken up 
by MDDCs. Human MDDCs were incubated with serial con- 
centrations (0.01 to 1,000 ng/ml) of the HIV-l Tat protein, na- 
tive or oxidized by exposure to light and air for 16 h, or Tat re- 
constitution buffer. After 10 min cells were washed, fixed, 
permeabilized, stained with a specific afftniiy-purified rabbit 
anti-Tat polyclonal Ab (or isotype control) followed by sec- 
ondary FTTC-conjugated antirabbit Ab, and analyzed by flOW 
cytometry as reported (Fanales-Bclasio et al, 2002). The per- 
centage of positive cells (compared to isotype stained samples) 
is reported in each panel. Data are from one donor representa- 
tive of the 14 analyzed. 



TRIALS 
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were exposed for 18 h to native Tat (20 to^iOQoZjs^t^ ^ '0 *»ore 

ctenaJ Ab. and then analyzed by fk,; '^^.^^Zl^TX^:^' "'"-'cluwBeH^nj^gated nJ^> 

f^^ice intensity) of HLA-ABC (diamonds) m^^K^J^rK^F^^^"'^ expiession (as^an fluo- 
0586 (g«y drete) a« njported.'(B) S,^^ ofiS^^^S^ilS fiT^h' P'f ^^'T'^'^^'^^^ ^Bray dianmnds) 
buffer were assayed by EUSA to measiJeihe Itst^ !^^^aV ^ ^ 20,000 ogAnl) or reconstinilion 

PJfed to buffer arc i^oted. a vanr pwTtSne^ 'y*'*^ (P8"nl) indnced by Tai «^ 

(R Fa»aIc,-Belaaio.TZe,u;MKi < S^SSSTur*"''"" oxi^-Lc.i'Sd'^J'S. 
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FIG. 3. Tat enhances both allogeneic and recall antigen presoitation by MDDCs. (A) Cells were exposed for 18 h lo native 
Tat (10,000 ng/mJ) (gray columns) or leconsticution buf^ (white columns) and cultured together with allogeneic peripheral blood 
lymphocytes (PBLs) at different cell to cell ratios. ^[H]-tfaymidine uptake was measured after 6 days of culture to evaluate lym- 
phocyte proliferation. Data from a representative experiment out of four performed with different donors are expressed as the 
fold increase of lymphocyte proliferation at the MDDCs/PBLs ratios of 1:20, 1:40, and 1:80. (B) MDDCs exposed to Tat» as 
above rq>oited, were culmred in the presence or absence of tetanus toxoid (TT 5 /xg/ml) togedier with syngeneic PBLs (ratio 
1:20) from a padent responsive to this recall Ag. Data a]:e expressed as the fold increase of lymphocyte proliferation. 



faio era/., 1999, 2000, 2001; and unpublished data; Allen et al^ 
2002; SiWeta et al, 2002; Caputo et ah, 2002). Smiilar results 
were reported in monkeys immuniz/^d with viral vectors express- 
ing SIV Tat and Rev (Osterbaus et oL, 1999) or Env. Gag-Pol, 
Nef, Rev, and Tat (Nllsson et ol,, 2001 ). In addition, an increase 
in humoral and cellular anti-Tat immune responses was detected 
in HIV-1 infected individuals immunized with HIV-1 tat DNA 
(Calarota et aL, 1998. 1999). Hnally, our recent data hidicate that 
in mice the nnicosal or systemic adminislradon of a biologically 
active Tat protein alone or combined with an unrelated Ag (Can- 
dida, ovalbumin, streptavidin) is safe, and eticits inununity to both 
(M. Marinaro, A. Riccomi, R. Rappuoli, etal, submitted; S. Bort- 
sutzky, V. Boreal, F. Rharbaoui, et al., in preparation; S. Do- 
minid, MJ£. Laguardia, G. Serafini, et a/., in piqiaration). 

To evaluate the efRcacy of a preventive tat vaccine in con- 
trolling virus replication, preclinical trials with the Tat protein 



or tat DNA were carried out in monkeys as two aims of the 
same protocol. 

In the Tat protein protocol (Cafaro et al, 1999, 2000), 7 
Macaca fascicularb (cyoomolgus monkeys) were immunized 
with a biologically active Tat protein, as reported in Table 1. 
Six monkeys were immunized subcutaneously (s.&) with 10 fig 
of Tat with RIBI (three monkeys) or Alum (three monkeys) as 
adjuvant, while one received Tat alone (6 /tg) intradermally 
(Ld.). Two control monkeys were injected sx. with either RIBI 
or Alum alone, and two naive monkeys were included at the 
challenge as additional controls. The six monkeys vaccinated 
s.c. received eight boosts in 36 weeks, while a ninth fuial boost 
was performed at wedc 42 intramuscularly Q.m.) with Tat as- 
sociated to immune stimulating complexes (ISCOMs) (Davis 
et al,, 1997). The monkey immunized i.d. was boosted nine 
times, and did not teoeive the IS(X)Ms boost 



Table 1. Tat Pugtbin Vaccsnb PfcorroooL 



Monkey 


Immunogen 


Adjuvant 


Administration 


54844 
54879 
54963 


Tat protein (10 Mg/250 ml) 


RIBI (250 Ml) 


Subcute, 500 ^\ in one site (dorsal area, close to the neck) 


54«99 
55396 
54240 


Tat protein (10 /uig/250 ml) . 


Alum (250 iDtl) 


Subcute, 500 fii in one site (dorsal area, close to the neck) 


54222 


Tat protem (6 /ig/ml) 


NU 


Intradermic, 150 $ii in two sites (upper doisal area) 


55123 


Saline buffer (250 /aI) 


RIBI (250 /il) 


Subcute, 500 Ml io one site (dorsal area, close to the neck) 


55129 


SaUne buffer (250 /il) 


Alum (250 Ml) 


Subcute, 500 m1 Iq one site (dorsal area, close to the neck) 



For further details refer to Cafaro et al, 1999. 
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local or systeimc) wm ever detccied in both vaccinated^r; 
conool ammals throughout the immuai«tion paS 

L akd^' 8*«» T« i d- developed 

low and tnu«.en bteis of anH-Tat Ab (1:100) (Table 2) 

J^^'^^-.^T^ •»« "he one vacdnaid i d 

developed ant,-Tat T ceU .esponses. os indicated bTu^Tpi 

a after mununuaiioa. at week 36 reached levels aboS fte 
off in oi« out of two macaques vaccinated with tSI^rS 
m J'oomof three monkeys vaccinated .it,r«^^^ 
w the rnonkcy vaccinated i.d with Ta. alone (Table 2) ^ 2 
w,n, TOF^ production in respond ,o Tat a „w£ 
after iiunmuzation in v2L^ 

ho^i^ «ftcr tnimunBation (14-18 weeks after the last 
fte anunals were challenged intravenously (i.v ) wS 

or HIV-l m the backbone of SIVmac239. and highly tathoLfc 
« n^caque, (Rei„^ « < 19% KaHs'son «T fsS^SS 
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r.^*.^-^ stock used for the challenge derivol from 
Jaoculated with .be SHIV89.6P origi«Jl> 
torn jtesus inonkeys. Also, .his vi™s stock was 

teys (Cafaro « «/.. 2000: M.T. Maggiorella. S. BaioncelU 2. 
SfTf I"' • AM were inoculaS^ !; ,0 

^^fi T"-- «ivc control monkeys th« 

(M MTO^ doses, respectively (Table 3). Of note, djemo- 

T^'?!.^* ^ ^» eudtanized at week 35X 
vmy chaDouse. doe to severe worsening of thelwS 

ISiT^ "^^y ""^ CD4+ Tcell coS 
After chaltengc. all the controls bm only two ou. of the sever 

one Tat .ukI alum) were infected, as indicated by the present 
™i5^A''r^"" "'"^ "^P" Ag (detected by HJSA)^S^ 
com^H J^S* (bDNA) and quantSve- 

CTable 3) to contrast, all these panuncten, were always n«a 

S^^LT V?"*"^^ ''"'^'^ ^"We 3). IWs. tt^ether^S 
fte finding of low and transient an.i-SIV (or aniiiraVSllb 
ftters m Ae protected animals, indicated the ^ 
very hnuted viral replication, "wwneoceofa 




54899 
55396 
54240 

54222 

55123 



Alum + Tat(10/xg,SQ 

Tat protein (6 fig, ID) 
Control RIBI 



++ + 
++ + 
+ + + 



55129 Control Alnn 



+++ 
++ + 
+++ 

MD 

ND 

ND 



+++ 



++ 

+ + 



ND 
ND 



CTL 


Tot-induced 


response 




+ 




ND 


+ 




ND 


+ 


+ 




+ 




+ 



opeciric.iminunc response 'to Tat as v 
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Tablb 3. Tat Phoiein Vaconb: Results Aptbr coauubnob wrm the SHIV89.6P, IV 



PostchaUenge (up to 2 years) 





Vaccination 


Ch(dlenge 




Plasma 


UNA 


Cytoviremia or 


Anti'SIV 


CZM+ 


'Monkey 


dose 






PCR^ 


virus isolatioffi 




Tcell/ 


54844 


RIBI + Tat (10 iLg, SO 


10 MIDso 






-(+)♦ 








54879 


lOMIDso 


- 




-(+)• 


- 


± 




54963 




10 MIDso 


+ 


+ 


+ 


+ 


+ 


I 


54899 




10 MID50 






-(+)♦ 




± 




•55396 


Alum -f Tat (10 fig. SQ 


10 MID50 


+ 


+ 


+ 


+ 




I 


54240 




IOMID30 






-(+)♦ 






sss 


54222 


Tai (6 /ig. ID) 


IOMID50 






-(+)♦ 






cs 


55123 


Control RIBI 


IOMID50 


+ 


+ 




+ 


+ 


-. 4- 


55129 


Control Alum 


•10 MIDso 


+ 


+ 


+ 


+ 




A 


12 




2.8 MID50 


+ ■ 


+ 


+ 


+ 


+ 


i 


2 


NU 


2.8 MID50 


• + 


+ 


+ 






i 



■p27 in plasma from vinis-chaUenged monkeys as detcnnined by ELISA. Values above or below the cui-off value (20 pg/ml) 
wecB expressed as positive (-f) or negative (-), respectively. 

^Plasma-associated virus load (RNA equivalent/ml) as determined by bDNA (cut-off: 1.500 RNA copies/ml) until week 14 
post-challcngc. by bDNA and QT-RNA-PCR (cutoff: 50 RNA copies/ml) between week 18 and 28 post-challenge, and only by 
(JT-RNA-PCR since week 35. Results above or below the cut-off values were expressed as positive (+) or oegative (-), re- 
spectively. 

*Troviral DNA copies/p.g of DNA as determined by semiquantitative DNA PGR analysis. +, proviiBl copy number >1; 

<'SHIV89.6P virus isolation from monkeys PBMCs depleted of CD8+ cells and coculmicd with CEMxl74. Positively was de- 
termined by p27 ELISA (cut-off = 20 pg^). 

•Plasma anti-SIV Ab was detcnnined by ELISA; levels above, equal, or below the cut-off value (mean of negative control plus 
3 SD) were expressed as positive (+). bonier line (±), or negative (-). respectively. 

Peripheral blood counts of CD4+ cells as evahiated by flow cytometry. The symbols i and =, respectively, indicate decrease 
(>50% decline as compared to prc-challenge values) or normality of CD4 T cell numbers. ... 

♦(+) positive DNA PGR was delected only sporadically and at low copy number (<1(]/Mg of DNA). 

For further technical details refer to Cafaro et al., 1999, 2000. 
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Plasma levels of anti-SIV or anti-HTV Env Ab in all infected 
animals were high, correlating with the parameters of viremia 
(Table 3, and data not shown). Of note, dters in the two in- 
fected and vacciiuited animals were at least 1 log lower than in 
Ihe control macaques and delayed, suggesting a possible effect 
of vacclnadon also in the infected animals. 

Blood CD4-f T cells counts reflected the outcome of the 
challenge. In the five protected monkeys they remained in the 
normal range during the 2 years of follow-up, whereas markedly 
decreased in aU the controls and in the two vaccinated and in- 
fected animals (Table 3). 

Notably, protection from challenge conelated (100%) with 
the presence, before the challenge, of anti-Tat spedfic CTL ac- 
tivity and witb Tat-mduced TNF-a production, but not with the 
presence of anti-Tat Ab. 

In the tat DNA vaccination study (Table 4 and Cafaro et aL, 
2001), five monkeys were immunized with a vector expressing 
tat DNA under the control of the major adenoviral late protein 
promoter (pCV-rai) (Arya et aL, 1985; Ensoli et al, 19^). 
shown CO induce a high expression and release of the Tat pro- 
tein in the absence of cell death (Ensoli et al„ 1990, 1993; H.C. 
Chang cf n/., 1997). Further, the pCV vector is rich in un- 



methylated CpO sequences (Cafaro et at,, 2001), known to en- 
hance the hmate and adaptive immune responses by inducing 
the maturation of dendritic cells and their production of cyto- 
kines driving Th-1 responses (reviewed in Klinman et at., 
1999). 

As shown In Table 4, four monkeys were immunized i.m. 
with 1 mg (three animals) or 0.5 mg (one animal) of pCW-tat, 
The fifth monkey was inununized i.d. with 0.2 mg of pCV-iar. 
One monkey was injected i.m. with die DNA vector alone 
(pCV-0). to evaluate thQ>impact of its immunostimulating ef- 
fects on nonspecific protection. Vaccines and the control were 
boosted seven times over 36-42 weeks, and the last boost was 
performed, except for the one immunized with pCV-0. with the 
Tat protein in ISCOMs. Neither local nor systemic side effects 
were observed in all inoculated animals, and all the hemato- 
logic parameters (blood cell counts, blood chemistry, and FACS 
analysis) were always in the normal range throughout the vac- 
cination schedule and up to the time of challenge. 

Vaccination with tat DNA was immunogenic. Anti-Tat Ab 
were transient and at low titers in the four animals vaccinated 
i.m. widi pCV-ia/. while in the monkey inoculated ixl. widi 0.2 
mg of pCV-/a/ titers could be detected (up to 1:1,600) dm>Ogh- 
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Monkey 



Jmmunogen 



54920 
55122 
5536J 

PR2 
37 

54219 
55361 

55123 
55129 



Table 4, tat DNA Vacok e PftaroooL 
At^uvani 
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Administratum 



tat DNA (I mg) 
tofDNA(0.5mg) 
tta DNA (1 mg) 
DNA vector (1 mg) 
Salioe buffer (250' /tl) 
Saline buffer (250 /xl) 



PWreatmcnt (24 h, 1 cnl) 0.5% Bupivacaine 
+0.1% methyl paraben 

ftetreabnenl (24 h, 1 ml) 0.5% Bupivacame 
+0.1% methyl paraben 

NU 



ftctreatmcnt (24 h. 1 ml) 0.5% Binrivacaine 
+0.1% methyl paraben 

WBI (250 /4l) 
Alum (250 /il) - 



For further technical details refer to Crafiiro et ai.. 



Intramuscular, 500 /tl in 2 sites 
(femoral quaddceps) 

Intramuscular, 400 ^ in 2 sites 
(femoral quadriceps) 

Intramuscular, 150 /jAinl sites 
(dorsal area) 

Intramuscular. 500 ^1 in 2 sites 
(femoral quadriceps) 

Subcute, 500 fd in one site 
(dorsal area) 

Subcute, 500 /&] in one site 
(dorsal area) 



2001. 



S^'r;"? " '^"^ '^^ neutnOizing activity 

2S IS; ^l"" ^""^ h. the animal inocu- 

lated with pCrV-O, or in the control animals. 

A proliferative response to Tat was detected in three out of 
four monkeys inoculated Lm. withpCV-ror. and in the one in- 



oculated i.d., which also showed a cutaneous DTH response to 
the protemCTaWe 5). but not in the control animals. 

Anti-Tat Clt activity was detected in the four monkeys vac- 
ciiated 1 jn. with pCV-tai but not in the one vacdnated Ld or 
m the control anjmals (Table 5). 



Table 5. ntrPNA Vaconb: Immunouxiic Responses 



Monkey 



Vaccination 



Ab titers 



54920 
55122 
55361 

PR2 

37 

54219 
55123 
55129 



Tat 

neuiraiizatlorf* 



AT PRE-CBaLLBNOE 

Proliferative 
response^ 



CTL 
response 



tat DNA (1 mg, IM) 

tat DNA (0,5 mg, IM) 
tat DNA (0.2 mg. ID) 
DNA vector (1 mg, IM) 
RIBI alone 
Alum alone ' 



ND 



+ 
+ 
+ 



+ 
+ 
+ 



++ 



+ 

ND 
ND 

ND 



"Anti T * ' ^ ; i^u »^ 

pbsidvtS^^£5!SS°o^;SSi"s^^^ °" of «ciprocaI of the las. 

+ +. 1.000-20.000: + ++, >20.000^^ ^''"^'^^'^'''^P^'^^i'y^^ ±.<m +. lOO-l 000- 

T'. "-^^ - -us by sen! 

tt>e addition of incnasing amounte of T« ^ «m ^ >50* reduction of p24 values (cuts)ff = 20 pg/nU) upot 

«»««e of Tat (ng/n5lSuiZed; +. yJf^rSi'^^^^^ ««>ri"8 «^ ««ef««d on tbc basis of 

For Authex technical details refer to Cafan et al^\ ^ '"P^^'vely. 
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I faoinukls, together with those from the Tat protem vacci* 
protocol were challenged 14-18 weeks after the lest 
boost with 10 MZDso of SHIV89.6P Lv. Id the weeks follow- 
ing the challenge and during the entire follow-up, all the ma- 
caques vaccinalcd IM with pCV-tai were negative for p27 anti- 
gknemia, plasma viremia, and virus isolation (Table 6). SIV 
'pfovhal DNA was only 8p(»adically detected at very low copy 
number (range 1-8 copies/^g DNA). In contrast, all the coo- 
nols and the monkey vaccinated i.d. with 0.2 mg of pCV-iai 
had detectable plasma levels of both p27 and viral RNA, with 
jepeaied isolation of infectious virus from the peripheral blood, 
ahd (he proviral DNA^ high early after the challenge, remained 
detectable for the entire follow-up period (Table 6), Of note, 
ihe monkey inoculated with pCV-O was negative for both anti- 
genemia and plasma viiemia. However, virus was isolated 18 
weeks after challenge and proviral DNA (SS copies) was de- 
tected at week 14 after challenge indicating a partial protection, 
conceivably conferred by natural immunity. 

In the three macaques vaccinated i.m. with 1 mg of pCV-tof 
and ui the one injected with pCV-0 the titers of anti-SIV Ab 
were below the limit of detection, while in Ihe one vaccinated 
jjn. with pCV-iar (0.5 rag) were low (range 1:2^1:100) and. 



transient. Conversely, they were high (over 1:1000) and stable, 
since week 10 after challenge, m the monkey vaccmated i.d 
with liCV-tat, and in the controls (Table 6). Anti-SIV Ab in the 
naive control monkey infected with 28.5 MID^q were detected 
at very low titers (range 1:20-1 -JSO) only at week 29 and 35, a 
relatively uncommcm feature that correlates with fast progres- 
sion (Dykhuizen et al., 1998), although anii-HIV Ab could be 
detected since week 10 postcballenge (Cafaro ei ai, 2001). 

In the monkeys injected ijD* with pCV-fd/ or pCV-0, in 
which viral parameters were mostly negative (Table 6), the 
number of CD4+ T ceils remained in the normal range after 
the viral challenge and during all the follow-up period. In con- 
trast, in the infected animals, CD4+ T cell number sharply de- 
creased after the challenge, remainmg persistently below the 
baselme values during the follow up. The naive control mon- 
key infected with 28.5 MID50 showed a progressive and severe 
CD4+ T cells decline and had to be euthanized. 

Thus, like in the vaccination protocol with the Tat protein, 
immunization with tat DNA was safe, and induced an immune 
response to Ihe protein, mainly cell mediated, capable of block- 
ing virus replication to undetectable levels, thus preventmg the 
CD4+ T cell decline and disease onset Protection from virus 



Table 6. tat DNA Vaconb: Results After Cmaujbngb wtth the SHTV 89.6P, IV 

Postchallenge (up to 2 yeans) 







Challenge 




Plasma 


DNA 


Cytoviremia or 






Monkey 


Vaccination 


(dose) 




viremitfi 


PCR!" 


vims isolaiioT^ 




Tcells^ 


54920 




IOMID50 






-(+)* 








55122 


/o/DNAd mg, IM) 


10 MIDjo 






-(+)• 








55361 




lOMIDso 






-(+)• 








PR2 


tat DNA (0.5 mg, IM) 


IOMID50 






-(+)♦ 








37 


tat DNA (0.2 mg, ID) 


lOMIDjo 


+ 


+ 


+ 


+ 


+ 


i 


54219 


DNA vector (1 mg, IM) 


IOMID30 






+ 


+ 






55123 


RIB! alone 




+ 




+ 


+ 


+ 


I 


55129 


Alum alone 


lOMIDso 


+ 




+ 


+ 


+ 


i 


12 


Nil . 


2.8MID50 


+ 


+ 




+ 


+ 


• i 


2 


Nil 


2.8MiPso 




+ 


+ 


+ 


± 


I 



"p27 in plasma as determined by ELISA. Values above or below the cut-off value (20 pgM) were expressed as positive (+) 
or negative (-), respectively. 

•^Plasma-associated virus load (RNA equivakniAnl) as determined by bDNA (cut-off: 1,500 RNA copies/ml) until week 14 
post-challenge, by bDNA and QT RNA-PCR (cut-off: 50 RNA copies/ml) between week 18 and 28 post-challenge, and only by 
QT-RNA-PCR since week 35. Results above or below the cutoff values were expressed as positive (+) or negative (-), re- 
spectively. 

^Proviral DNA copies//tg of DNA as determined by semiquantitative DNA PGR analysis. +, proviral copy number >1. 
• 5HIV89.6P virus isolation from monkeys CD8-depleted PBMCs as determined by coculture with CEMxl74 and measure of 
p27 production (cut-off — 20 pg/ml). 

Plasma anti-SIV Ab was detennined by EUSA; levds over, equal, or below the cut-off value mean of negative controls (plus 
^ expressed as positive (+), border line (±), or negative (-), respectively. 

'Peripheral blood counts of CD4+ cells as evaluated by flow cytometry. The symbols I and respectively, indicate decrease 
(>50% decline as compared to pre-challenge values) or normality of CD4 T-cell numbers. 

*(+) positive DNA PGR was detected only sporadically and at low copy number (<10//ig of DNA). 

For further technical details refer to Cafaro et al,^ 2001. 
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cbaUenge oondated id aD the animals with Tat-spescific CTL 
responses. 

Thus, in boih anns Tal vaccination was safe and imniuno- 
genic and 9 out of 12 vaccinaied monkeys were protected af- 
ter challenge with the highly pathogenic SH1V89.6P vims (Ca- 
faro et ai, 1999. 2000, 2001). 

Although not inducing a sterilizing protection^ Tat-based 
vaccmcs appear to contain virus repUcation to undetectable lev- 
els. Notably, containment almost entirely coirclaicd with the 
presence of ceUular immunity, in particular with anii-Tai CTL 
activity and Tat-toduccd TNF-a production also in absence of 
a relevant humoral response, particularly for DNA immunized 
ammals (Cafaro et al., 1999. 2001). Fimilly, protection was 
raaintamcd for the entire foUow-up (2 years), and persisted even 
^ boost of the ammals with tht recaD Ag tetanus toxoid 
CIT). which is known to rescue Virus repUcation (Maggiorella 
ei ai, submitted). 

Similar results were reported with' a vaccination study in 
whjch cynomolgous monkeys immunized with vii^l vectors 
(Scmlikj Forest virus and modified vaccmia Ankara virus) ex- 
pressing the SIV-Tat and -Rev, were protected upon challenge 
with a pathogenic SIV (Oslerhaus et aL, 1999. and personal 
comrounicadon). 

In contrast with these results, two recent smdics in rhesus 
TZS! ^^"^ vaccination with Tax protein (SiNera et 
aL, 2002) or tat DNA (Alien et al, 200Z) was safe and im- 
raimogenic. but failed to induce a significant cwitrol of viral 
rc^Jlicauon foUowing challenge with SIV or SHIV89 6P path- 
ogenic viruses. However, several differences in the study de^ 
sign mcluding dose and source of Tat (SIV and HIV), monkey 
speacs. adjuvant, dose, and schedule of immunization, dose and 
route of challenge viruses inoculation may account for the dif- 
ferent results. 
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mals the data of safety and immunogenicity already obtained 
with die Tat protein or DNA (our unpublished data). 

AD these results indicate tfiat a Tai-based vaccine is a promis- 
ing candidate for vacdnacion in humans. Therefore, both pre- 
ventive and therapeutic phase I clinical trials are currently be- 
mg organized and wiU start in Italy withio the year 2002. In 
' addmon, background Gmmunologic and virologic) and feasi- 
• bility studies are ongoing in Aftican countries where subsequent 
clinical snidies (phase D and m) are beistg planned. Results 
from rtiese studies indicate diat sera from Ugandan and South 
African patients infected by difTerent HIV strains recognize Tnt 
from clade B at the same extent as individuals infected with A, 
B. and C clades (Buttd et a/., in prq)aration). FmalJy. novel ap- 
proaches with Tat combined with other viral Ags (Gag. En\ /, 
delivered by the mucosal or parenteral route in prime-boost reg ' 
uncns, are under evaluation in preclinical studies to devcl<.p 
new and combined vaccine strategies in which also the Tat-ad- 
juvant capabilities are exploited. 



CONCLUDING REMARKS 

Taken together, these data indicate that the immuniration 
With Tat may control HIV replication in both vaccinaied in- 
dividuals exposed to the virus and seropositive patients, thus 
favonng the control of infection by specific immune response 
Soon after entry, and prior to initiaUon of virus integration, 
the regulatory proteins Tat and Nef are expressed (Wu and 
Marsh, 2001),-ai)d may be recognized and killed by effector 
lymphocytes, induced by specific vaccination. Suppression of 
viral rephcaUoo by CDS^mediatcd noncytolytic activity may 
also participate to an effective immune response. Thus, a lim- 
ited and almost undetectable (as indicated by our monkey 
smdies) viral replication may occur, which, in the absence of 
pathogenicity, may provide antigenic exposure sufficient to 
drive an antiviral immune response. Consequently, the anti- 
HIV ummme response would be boosted (against Tat), broad- 
ened, and strengthened (against the other viral proteins), in- 
ducing protection to further challenges with the same or other 
Virus strams. This hypothesis has recently been confmned in 
experiments in which monkeys have been boosted with TT or 
rccha^Ienged with a high virus dose (Maggiorella et al, sub- 
mitted, and S. BaronceUi. M.T. Maggiorella, S. Moretli, et ed 
m preparation). In addition, two new ongoing vaccination pro^ 
tocols Ui monkeys have confirmed in a larger number of ani- 
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natriuretic factor (pro-ANF) : studies using an antiserum that selectively 
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AB Atrial natriuretic factor (ANF) is stored in atrial myocytes as a 15-17K 
prohormone, but circulates in plasma as a 3K, carboxy (C) -terminal 
fragment of the prohormone. The tissue location at which the cleavage of 
pro-ANF to its hormonal form occurs is unknown. In the present study, an 
immunological approach was taken to address this question. A polyclonal 
antiserum was generated which recognizes the hormonal form of ANF 
[ANF- ( 99-126) ] only after its cleavage from the prohormone. This was 
accomplished by immunizing rabbits with a synthetic peptide corresponding 
to the seven amino (N) -terminal residues of ANF- (99-126) coupled to 
carrier protein via a C-terminal cysteine. This antiserum, 
anti-ANF- (99-105) , demonstrated high affinity for ANF- (99-126) (IC50 = 170 
pM) , but displayed 100-fold less affinity for recombinant pro-ANF 
[ANF- (2-126) ] . The N-terminal specificity of anti-ANF- ( 99-105) was 
evident by its failure to bind ANF- ( 103-126) at concentrations up to 100 
nM. The specificity of anti-ANF- ( 99-105) for the hormonal form of ANF was 
examined by using thrombin to cleave pro-ANF and testing for the 
generation of anti-ANF- ( 99-105 ) immunoreactivity . Cleavage of atrial 
pro-ANF or 35S biosynthetically-labeled pro-ANF resulted in the production 
of immunoreactive material from the prohormone, whereas pro-ANF itself 
demonstrated no cross-reactivity with anti-ANF- ( 99-105) . 
Anti-ANF- (99-105) could also recognize ANF released from the isolated 
perfused rat heart. When anti-ANF- (99-105) was used in 
immunohistochemical studies of rat atrial myocardium, no staining was 
observed in unfixed frozen sections. This suggests that proteolytic 
processing of pro-ANF is not an intracardiocytic event. 
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Acetylation of HIV-1 Tat by CBP/P300 Increases Transcription of Integrated HIV-1 Genome 

and Enhances Binding to Core Histones 
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The HIV-1 Tat protein Is required for viral replication and is a potent stimulator of viral transcription. Although Tat has been 
extensively studied in various reductive paradigms, to date there Is little information as to how this activator mediates 
transcription from natural nucleosomally paclcaged long terminal repeats, l-iere we show that CREB>bindlng protein (CBP)/ 
p300 Interacts with the HIV-1 Tat protein and serves as a coactivator of Tat-dependent HIV-1 gene expression on an 
Integrated HIV-1 provlrus. The site of acetylation of Tat was mapped to the doubt e-lysine motif in a highly conserved region, 
^•RKKRRQ^. of the basic RNA-binding motif of Tat Using HLM1 cells <HIV-1 */Tat'). which contain a single copy of full-length 
HIV-1 provirus with a triple termination codon at the first AUG of the Tat gene, we find that only wild type, and not K50A. K51 A, 
or K50A/K51 A alone or In combination of ectopic CBP/p300. is able to produce full-length infectious virions, as measured by 
p24 gag ELtSAs. Tat binds CBP/p300 in the minimal histone acetyltransferase domain (1253-1710) and the binding is stable 
up to 0.85 M salt wash conditions. Interestingly, wild-type peptide 41-54, and not other Tat peptides, changes the 
conformation of the CBP/p300 such that it can acquire and bind better to basal factors such as T6P and TFIIB, Indicating that 
Tat may Influence the transcription machinery by helping CBP/p300 to recruit new partners into the transcription machinery. 
Finally, using biotinylated wild-type or acetylated peptides, we find that acetylation decreases Tats ability to bind the TAR 
RNA element, as well as to bind basal factors such as TBP. CBP, Core-Pol II, or cyciin T. However, the acetylated Tat peptide 
is able to bind to core histones on a nucleosome assembled HIV-1 proviral DNA. o 2000 Acsdamic Press 



INTRODUCTION 

The HIV-1 Tat protein is required for viral replication 
and is a potent stinnulator of viral transcription. Tat stinn- 
ulates viral gene expression through an RNA element in 
the viral long terminal repeat (LTR). For optimal transac- 
tivation of HIV-1 gene expression. Tat requires specific 
upstream transcription factors, including Spl (Jeang et 
ai, 1993). TATA-binding protein (Kashanchi et ai, 1994b; 
Veschambre et ai, 1995; Majello et al, 1998), Tat-asso- 
cialed kinase {Herrmann and Rice, 1995; Yang et ai, 
1996). TFHH (Garcia-Martinez. et ai, 1997; Parada and 
Roeder, 1996). Tip (Jeang et ai, 1993; Henderson et a/., 
1999), and RNA polymerase II {Cujec et ai, 1997; Ma- 
vankal et ai, 1996). The ability of Tat to regulate viral 
transcription is related to its ability to interact with the 
basal transcription complexes responsible for the initia- 
tion of transcription including cyclinT,/cdk9 complex, re- 
sulting in a more efficient elongating RNA Pol II complex 
(O'Keeffe et ai,, 2000; Romano et ai, 1999; Napolitano ef 
aL, 1999; Isel and Karn. 1999; Bieniasz et ai, 2000; Ra- 
manathan et ai, 1999; Ivanov ef ai, 1999; Chen et ai. 
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1.999a; Wimmer ef ai: 1999; Garriga ef a/., 1998; Garber ef 
ai, 1998; Fujinaga ef ai, 1998; Wei ef ai, 1998). 

Among the factors associated with basal transcription 
complexes, CBP (CREB-binding protein) and p300 have 
emerged as coactivators for various DNA-binding tran- 
scription factors.. CBP and p300 are large proteins, 2441 
and 2414 amino acids, respectively, that have the ability 
to interact simultaneously with various transcription fac- 
tors such as nuclear hormone receptors, CREB, c-Jun, 
v-Jun, c-Myb, v-Myb, Sap-la, c-Fos, MyoD. YYl, NFkB. 
and p53 (Goldman ef ai, 1997) and with other coactiva- 
tors such as P/CAF (Blanco etai, 1998; Chakravarti etai, 
1999). as well as with basal components of the transcrip- 
tional apparatus. Therefore, it is this wide array of func- 
tions that have allowed CBP/p300 proteins to be impor- 
tant transcriptional integrators (Shikama et ai, 1999). In 
recent years multiple mechanisms have emerged for the 
function of CBP/p300. The first mechanism for CBP/p300 
activation involves the acetylation of the terminal tails of 
the core histones by histone acetyltransferase (HAT) and 
destabilization of histone-DNA interactions, allowing 
transcription factors access to the promoter region. The 
second mechanism by which CBP has been suggested 
to be an activator of transcription is by bridging the gap 
between upstream DNA-bound transcription factors and 
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components of the general transcription machinery. The 
third possible mechanism is CBP/p300's ability to directly • 
acetylate nonhistone proteins such as p53 (Gu and Roe- 
der, 1997), the erythroid Kruppel-like factor (EKLF, Zhang 
and Bieker, 1998), the nuclear hormone receptor coacti- 
vators ACTR (Chen ef al., 1997), and the basal transcrip- 
tion factor TFIIE and TFIIF (Imhof et al„ 1997; Martinez-. 
Balbas et aL 1998). In the case of p53, acetylation of the 
regulatory domain led to a dramatic increase in DNA 
binding in vitro, whereas the acetylation of ACTR by 
CBP/p306 disrupts the receptor-coactivator interaction, 
which plays a key role in hormone-induced gene activa- 
tion (Chen et al., 1999b). 

HiV-i proyiral DNA is integrated into host cell chromo- 
sorhes and packaged into chromatin. The LTR acts as a 
very strong promoter when analyzed as naked DNA in 
vitro and is silent when integrated into the cellular host 
genome in the absence of any stimuli (Verdin, 1991; 
Adams ef a/., 1994; Van Lint et at., 1996; Marzio ef a/., 
1998; Benkirane ef a/., 1998). Recently, several reports 
have shown the existence of an intracellular multiprotein 
complex that contains Tat, CBP/p300. and P/CAF. It was 
found that the histone acetyltransferase activity of CBP/ 
p300 and P/CAF is preferentially required for Tat function 
(Kiernan ef al„ 1999). CBP/p300 was also recently re- 
ported to interact with the HIV-1 Tat protein and serves 
as a coactivator of Tat-dependent HIV-1 gene expression 
<Hottiger efa/.. 1998; Ottefa/., 1999). This superinduction 
has been attributed to the histone acetyltransferase 
(HAT) activity of CBP/p300 on the integrated HIV-1 pro- 
moter. 

In this study, we find that Tat is acetylated by CBP/ 
p300 and mapped to the double-lysine motif in a highly 
conserved region ('^RKKRRQ^') of the Tat protein. Using 
HLM1 (HIV-1 ""/Tat") cells, which contain a single copy of 
full-length HIV-1 provirus with a triple termination codon 
at the first AUG of the Tat gene, we find that only wild 
type, and not K50A. K51A. or a double-mutant K50/VK51A 
alone or in combination with excess CBP/p300, is able to 
produce full-length infectious virions. Furthermore, 
mechanistically, the wild-type Tat peptide 41-54, which 
contains the basic core domain of HIV-1 Tat, changes the 
conformation of CBP/p300 such that basal factors such 
asTBP andTFIIB bind better to CBP/p300, indicating that 
Tat may influence the transcription machinery by helping 
CBP/p300 to acquire new partners in the transcription 
machinery. 

Tat binds to CBP/p300 minimal HAT domain (1253- 
1710) and is a stable complex up to 0.85 M salt wash 
conditions. Acetylation of Tat by CBP/p300 decreases 
Tat's ability to bind the TAR RNA element in vitro. Finally, 
using biotinylated wild-type or acetylated Tat peptides, 
we find that acetylation causes a release of Tat from 
basal factors such as TBP. CBP, or cyclin T. Interestingly, 
the acetylated Tat peptide is able to bind with higher 
affinity to core hislones on nucleosomal DNA. 



RESULTS 

HIV-1 Tat is acetylated by the HAT domain of CBP/ 
p300 

We initially asked whether a minimal HAT domain of 
CBP/p300 was capable. of acetylating the Tat protein in 
vitro. To answer this question, we constructed a minimjal 
GST-HAT plasmid from a full-length p300 cDNA clone, 
expressed in Escherichia coli and purified using gluta- 
thione-agarose beads. When using GST-HAT in a 
['*C]acetyl coenzyme A exchange reaction, we found that 
GST-HAT was capable of efficient acetylation of core 
histones H2A. H2B, H3, and H4 in vitro (Fig. 1A, lane 3). 
We also observed efficient acetylation of purified Tat 
protein in vitro, as shown in Fig. 1A, lane 4. Products 
shown in Fig. 1A are ^*C-acetylated polypeptides that 
had been separated, on 4-20% SDS-PAGE, dried, and 
exposed to a Phosphorlmager cassette. The bottom 
panel of Fig. 1A shows the Coomassie blue staining of 
the same gel It is important to note that we have con- 
sistently observed a more efficient acetylation of Tat 
proteins that do not contain a GST moiety at their N- 
terminus. Similar efficient in vitro acetylations were also 
observed with histidine- and epitope (influenza)-tagged 
peptides at the N- or C-terminus of the Tat protein (data 
not shown). 

We next examined the effect of various Tat peptides as 
substrates in the in vitro HAT assay. The results of such 
an experiment are shown in Fig. 1C, where Tat 41-54 
peptide, but not 41-50 peptide (lanes 7-10). was acety- 
lated with GST-HAT. Similar to Fig. 1A, results shown in 
Fig. 1C are products separated on 4-20% SDS-PAGE, 
dried, and exposed to a cassette. It is important to note 
that we have observed reproducible results only when 
using [^*C]acetyl CoA and SDS-PAGE (4-20%) for sepa- 
ration purposes as opposed to [^H]acetyl CoA and filter 
disks for detection of acetylated small peptides. Peptides 
of such short lengths do not reproducibly bind to DE52 
filter papers and cannot stand rigorous wash conditions. 
A summary of all the Tat peptides used in the HAT assay 
is shown in Fig. ID. It is important to note that peptides 
such as 65-86, which contains lysine residues, were not 
acetylated, indicating that the in vitro acetylation by the 
CBP/P300 HAT domain is not a nonspecific reaction. 
■Finally, we used wild-type full-length human HeLa p300 
(hp300, a generous gift from R. Shiekhattar), or epitope- 
tagged recombinant p300 (rp300). and observed efficient 
acetylation of the Tat protein in vitro (Fig. IE). 

Site of Tat acetylation by the HAT domain 

The Tat peptide 41-54 contains three lysine residues, 
one at position 41 and the other two at positions 50 and 
51. To determine which lysine residues in the 41-54 
peptide were acetylated by GST-HAT, we initially made 
acetylated 41-54 peptides with acetyl groups at posi- 
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• FIG. 1. Acetylation of HIV-1 Tat protein by CBP/p300 in vitro, (A. B) The core histones H2A,.H2B. H3. and H4 (lanes 2 and 3) and Tat protein (1-86. 
lane 4) were incubated with or without GST-p300 (HAT domain) and ["C)acetyl-CoA (A) Acetylated products (lanes 3 and 4) resolved on 4-20% 
SDS-PAGE, dried, and exposed to a Phosphorlmager cassette. (A, bottom) Coomassie blue staining of the gel shown at top. B represents the purified 
fulMengih Tat protein (1-86, 1 ;xg) used in the HAT assay, resolved on a SOS-PAGE gel. and silver stained (31). (C)T8i acetylation site located at the 
basic RNA-binding domain. Synthesized Tat peptides covering various regions of the Ta.t protein (lane 3-11) were incubated with GST-p300 and 
I'^Clacetyl CoA and analyzed on 4-20% SOS-PAGE. Lane 2 serves as negative control with no substrate added to the reaction, and lanes 3, 4. and 
1 1 serve as positive controls, where fulMength Tat and core histone proteins were added to the reaction. All other reactions were performed with two 
concentrations (200 and 400 ng) of various peptides. (D) The schematic representation of Tat protein and Tat peptides used In this study and the 
results of aceiylation by GST-p300. (E) Acetylation of HIV-i TAT by wild-type p300/CBP. (Left) Acetylation of TAT or all four histones with 10 ng of HeLa 
purified CBP/p3D0 complexes (hp300). Proteins, BSA. wild-type TAT. or histones were incubated with HeLa CBP/p300. followed by incubation at 37*C 
for 1 h. spotted on DE52 filter discs, washed, and counted. (Right) A similar experiment with either TAT or free histones incubated with 10 ng of purified 
epitope-tagged recombinant Baculovirus p300 (rp300]. Samples were incubated at 37**C for 1 h and subsequently run on 4-20% SDS-PAGE, dried, 
and exposed to a Phosphorlmager cassette: 
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•tions 50, 51, or 50+51. The acetyl groups were put on the 
peptides during the chemical peptide synthesis. All pep- 
tides were subsequently purified on C18 reverse-phase 
HPLC and dried, and quantitations were determined by 
protein assay as well as by running small aliquots on 
4-20% SDS-PAGE followed by silver stain detection. As 
can be seen in Fig. 2A, all peptides were efficiently 
acetylated with GST-HAT, except the double-acetylated 
41-54 (lanes 9 and 10). The. doubly acetylated 41-54 
peptide was, however, very weakly acetylated at lysine 
41 position, at a 10-fold excess of GST-HAT concentra- 
tions in vitro, and similar results were also obtained with 
a longer peptide, 36-58 (data not shown). Therefore, it 
may be possible that all three lysines are acetylated, 
although at very different kinetic rates, depending on the 



enzyme concentrations used in these assays. To deter- 
mine which lysine, 50 or 51. was acetylated efficiently in 
vitro, we synthesized a second batch of acetylated pep- 
tides starting from position 42-54. The results of such an 
experiment are shown in Fig. 2B, where peptide 42-54, 
which had already been acetylated at position 50, was a 
poor substrate for accepting the. new acetyl group at 
position 51 (lanes 3 and 4). However, the peptide that 
was acetylated at position 51 could serve as an excellent 
substrate for acetylation in vitro. The doubly acetylated 
42-54 peptide could not be acetylated at any concentra- 
tion of GST-HAT (data not shown). We next examined the 
effect of Tat acetylation on cells expressing Tat. HeLa/ 
eTat and HeLa/pcep4 lines contain either an epitope- 
tagged Tat at the C-terminus (HeLa/eTat) or a control 
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FIG. 2. Tat acetylation sites mapped to double-lysine motifs K50 and K51 In the basic RNA-binding domain. (A. B) Two concentrations (200 
and 400 ng) of the Tat peptides (41-54 or 42-54). wild-type or acetylated at lysines position 50. 51. and 50+51, were incubated with GST~p300 
and r'Clacetyl CoA. separated on 4-20% SDS-PAGE. and exposed to a Phosphorlmager cassette, (C) Both log-phase HeLa/eTat or HeLa/pcep4 
cells were labeled with [^HJacetate in DMEM complete medium plus hygromycin (left) or incubated overnight with [^^S]methionine/cystelne- 
(right). Nuclear lysates were used for immunoprecipitations on cross-linked monoclonal 12CA5 Ab beads and eiuied with a 100-fold excess of 
influenza peptide. The ["S]methionine/cysteine gel was exposed overnight and the ('H]acetate gel was exposed for l week on the 
Phosphorlmager cassette. 
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FIG. 3. Acetylated Tat decreases Its ability to HIV-1 TAR RNA. (A) The wild-type Tat peptide 41-54 (lanes 2 and 3) and the acetylated Tat peptide 
41-54 (lanes 4-7) were incubated with "P-labeled TAR RNA at room temperature tor 30 min and separated on a 6% DNA retardation potyacrylmide 
gel (Novex). Lane 1 contains TAR RNA alone and lanes 2-7 Indicate TAR plus various wild-type or acetylated peptides (2.5 and 5 (B) Wild-type 
(lanes 2 and 3. 0.5 and 1.0 respectively) or GST-HAT in vitro acetylated Tat proteins (1-86. lanes 4 and 5, 0.5 and 1.0 ^i^, respectively) were 
incubated with TAR RNA. resolved an a 6H DNA retardation gel. dried, and exposed to a Phosphorlmager cassene. (C, D) Tat peptide (41-54) 
Increases the binding of GBP to TBP. TFIIB. and Tat. Tat peptides, wild type or various modified versions (10 fig), were preincubated with "S-labeied 
CBP (Promega TNT, 10 ti\) for 10 min and subsequently used to bind to 500 ng etuted GST-Tat. GST-TFIIB. GST-TBP (wt). or GST-TBP (1-163. deletion 
from 164 to 337 of human TBP). After several washes (3X). the bound proteins were resolved by 4-20H SOS-PAGE, dried, and exposed. 



backbone vector (HeLa/pcep4).. Both cell types have 
been described previously (Kashanchi et aL, 2000). Log- 
phase-growing cells were labeled with [^H]acetate or 
[^^S]methionine/cystelne, and nuclear extracts were ob- 
tained for immunoprecipitations on cross-linked 12CA5 
antibody beads. Following binding, Tat was eluted vyith 
an excess of competitor peptide and run on a 4-20% gel. 
The results of such an experiment are shown in Fig, 2C, 
where acetylated Tat (right column) could be obtained 
only from HeLa/eTat cells and not from the control pcep4 
cells. 

Effect of Tat acetylation on TAR and CBP/P300 
binding 

We next asked whether acetylation of Tat could in- 
crease or decrease its affinity for TAR RNA. To address 
this question, we synthesized labeled TAR RNA. PAGE 



purified it, and used it in an RNA bandshift assay. The 
results of such an experiment are shown in Fig. 3A. 
where wild-type peptide 41-54 was capable of binding to 
TAR RNA (lane 3). The TAR RNA binding Is completely 
abolished when lysines 50 and 51 are acetylated (lanes 
6 and 7). We observed no binding of double-acetylated 
50 and 51 peptide to TAR RNA at any peptide concen- 
tration (data not shown). Similar results were also ob- 
served when Tat protein was acetylated with GST-HAT 
prior to TAR RNA binding (Fig. SB. lanes 4 and 5). 

We next examined the effect of wild-type or acetylated 
peptides on CBP/p300 binding in vitro. We reasoned that 
if only wild-type Tat peptide or protein was able to bind to 
TAR RNA and not the acetylated counterparts, it would 
then be possible for acetylated Tat to also bind less 
efficiently to CBP/p300. The. results of such an experi- 
ment are shown in Fig. 3C, where GST-Tat, but not GST, 
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was able to bind to ''S-labeled CBP in vitro. However, 
when performing competition experiments with wild- 
type, acetylated, or alanine-substituted Tat peptides in 
the same reaction, we found a surprising result, where 
wild-type 41-54 but not other derivatives was able to 
enhance the binding of CBP to GST-Tat (compare lanes 
3-5). We have found similar results when using immu- 
noaffinity-purified recombinant p300 from Baculovirus- 
infected cells (data not shown). This unexpected result 
suggested to us that perhaps the wild-type peptide might 
change the conformation of CBP/p300 such that it can 
bind better to other proteins. This interpretation is very 
likely, since Tat has been shown to dimerize and contact 
multiple transcription factors on the transcription initia- 
tion site. To test that hypothesis, we performed a similar 
experiment with CBP pretreated with either wild-type or 
double-acetylated peptide prior to binding to other basal 
factors such as TFIIB and TBR Both TFIIB and TBP have 
previously been shown to bind to CBP/p300 molecules 
(Sang et al., 1997), The results in Fig. 3D indicate that 
when CBP is pretreated with only wild-type Tat peptide, 
it can bind more efficiently to GST-TFIIB or GST-TBR but 
not to a GST-TBP (1--163) mutant. The reaction was 
specific for a possible change of CBP conformation, 
since pretreatment of GST-TFIIB, TBP. or the mutant TBP 
with any of the peptides did not increase CBP binding in 
vitro (data not shown). Taken together, the results from 
TAR binding as well as CBP binding indicate that wild- 
type and not acetylated Tat binds to the basal transcrip- 
tion machinery and that acetylated Tat might either com- 
pletely come off the transcriptional complex or simply 
stay with the elongating RNA Pol II. 

Localization of CBP/p300 binding to Tat 

It has previously been shown that p300 binds to Tat at 
core and basic residues (Manzio etal., 1998; Benkirane ef 
aL 1998: Hottiger and Nabei, 1998) and that Tat binds to 
the HAT, N-terminal, or C-terminal domains of p300. We 
decided to determine which region of p300 was stably 
binding to the Tat protein. Initially, we used a series of 
four GST-CBP mutants (a generous gift from R. Good- 
man) and three GST-p300 mutants in an in vitro TNT- 
binding assay Figure 4A is a general diagram that de- 
picts the relationship between CBP and p300 molecules 
as well as various mutants used in our assays. When 
binding ^^S-labeled Tat to various GST-p300 domains, 
we found that Tat bound stably to all A, B, and C mutant 
domains under 0.1 M salt wash conditions (Fig. 4B. lanes 
1-4). However, the binding of Tat to p300 was most 
resistant with the B fragment (aa 744-1540) of GST-p300. 
Tat retained its binding to this fragment under 0.85 M salt 
wash conditions (compare lanes 12-14). Similar results 
.were obtained with the GST-CBP HAT domain (data not 
shown). Therefore. Tat may interact with multiple CBP/ 
p300 domains; however, its ability to tightly associate 



with the HAT domain may indicate similarity in functions 
with other viral HAT-binding proteins such as adenovirus 
El A or S\/40 large T antigen. 

Functional activity of mutant Tat proteins on transient 
transfections 

Tat is one of the most powerful viral activators known 
to date. Tat could stimulate transcription of HIV-1 pro- 
moter anywhere from 100- to 1000-fold depending on the 
assay conditions used. To determine which Tat residues 
(position 50, 51. or 50+51) were Important for HiV-1 
promoter activity, we synthesized alanine-substituted 
vectors and sequenced all three forms of CMV-driven Tat 
vectors. We subsequently used the Tat mutants in tran- 
sient transfection. assays using CEM (12D7) T-cells. The 
results of such an experiment are shown in Fig. 5A, 
where upon electroporation of K50A or K51A with re- 
porter HIV-LTR CAT, we observed a slight drop in tran- 
scriptional activity (less than 50%, compare lanes 3-6). 
However, a more pronounced drop in transactivation 
was observed with the double-mutant 50 and 51 (—5- 
fold, lanes 7 and 8). This drop in activation from the 
.50-1-51 mutant could not be rescued with ectopic expres- 
sion of CBP vector (Fig. 5B. lane 4). Similar results were 
obtained with a CMV-p300 expression vector (data not 
shown).. Finally to conserve the positive charge of the 
lysine residues, we synthesized Tat protein with argi- 
nines at positions 50 and 51 and used the protein to 
perform CAT assays in CEM celts. The results in Fig. 5C 
indicate that only lysine residues and not alanine or 
arginine substitutions at positions 50 and 51 are critical 
for the observed acetylation effect. Taken together, the 
transient transfection results indicate that neither K50 
nor K51 mutations alone are sufficient to completely lose 
the Tat transactivation on HIV-1 LTR. 

Activation of integrated HIV-1 provirus requires the 
HAT. domain of CBP/P300 

We used HLM-l cells to address whether the interac- 
tion of Tat and CBP/p300 plays a role in the activation of 
integrated proviral HIV-1 sequence in vivo. HLM-l cells 
(AIDS Research and Reference Reagent Program) were 
derived from HeLa-T4'' cells containing an integrated 
copy of the HIV-1 proviral genome with the Tat-defective 
mutation (termination, linker at the first AUG). HLM-1 ceils 
are negative for virus particle production, but can be 
induced to express high levels of infectious HIV-1 after 
transfection with Tat-express ing clones or after stimula- 
tion with cytokines such as TNF-a or general inducers 
such as sodium butyrate. The new resulting particles are 
wild type for infection, RT activity, and integration, but 
need to be restimulated for the next round of progeny 
formation. In order to test whether coactivator CBP/p300 
plays an important role in the activation of integrated 
HlV-1, we transfected the HLM-l cells with Tat and CBP 
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FIG. 4. Binding of Tat to CBP and p300 under various salt conditions. (A) Schematic representation of functional domains in CBP. p300. and the 
GST-p300 clones containing various domains used here, including GST-p300 A (1-595). GST-p300 B (744-1540). and GST-p300 C (1540-2368). (8) 
Binding of Tat to p300 under various salt wash conditions. The GST-pSOO deletion clones (A, B. and C) were Immobilized on glutathione beads from 
bacterial extracts and incubated with radiolabeled, in vitro translated "S-labeled Tat. The bound proteins were resolved on 4-20% SOS-PAGE after 
being washed with buffers containing TNE + 0.1* 0.3. 0.5. or 0.85 M salt and 0.1% NP-40. Tat binds to GST-p300 B and C fragments at 0.3 M salt buffer. 
Tat binds only to GST-p300 B fragment after a 0.86 M salt wash buffer. 



and with or without EIA, which has been shown to inhibit 
the HAT activity of CBP/p300 (Chakravarti et ai, 1999). 
The resulting supernatants were collected at various 
time points and tested for the production of HIV-1 parti- 



cles by p24 gag antigen ELISA. The results of such an 
experiment are shown in Fig. 6A, where ectopic expres- 
sion of CBP along with Tat activates the viral production 
by four- to fivefold. Furthermore, the effect of CBP acti- 
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vation can be reversed using the El A expression vector. 
Interestingly, neither El A nor CBP by itself can activate 
HIV-l production, indicating at least in the case of CBP, 
that CBP exerts its activation effect on the HIV-l pro- 
moter only in the context of chromatin DNA. Therefore, 
unlike other retroviral activation pathways, such as 
HTLV-1 (Kashanchi et ai, 1998). the HAT domain of CBP/ 
p300 may be a crucial domain in HlV-1 proviral transcrip- 
tional activation. 

We next examined the effect of the Tat mutants at 
positions 50 and 51 and a combination 50+51 mutant In 
HLM1 cells. Results presented in Fig. 6B indicate that 
point mutations at position 50 or 51 are equally delete- 
rious in activation of the integrated chromatinlzed HlV-1 
DNA. This is in marked cor\trast to .the transfection data 
(Fig. 5A) where point mutants at 50 or 51 were slightly 
affected and only the double-mutant 50-1-51 vector was 
dramatically reduced in activity. More importantly, ec- 
topic expression of the CBP could not activate the 50 or 
51 mutants in these cells. Similar levels of nuclear Tat 
wild type and mutants were observed in these cells (data - 
not shown). Finally, we performed a titration assay of the 
Tat 50-1-51 mutant with CBP and found no induction of the 
latent virus in these cells (Fig. 6C), Similar results were 
also obtained with the Tat point mutants 50 or 51 and 
titration of various concentrations of ectopically ex- 
pressed* CBP (data not shown). Taken together these 
.data indicate that the effect of CBP/p300 is at the level of 
integrated HIV-1 provirus and that both lysines at posi- 
tion 50 and 51 are equally important for this activation 
pathway. 

Binding target of Tat acetylated peptide 

To date there are no clear examples of what. exactly 
happens to a protein once it is acetylated in the tran- 
scriptional complex by coactivators such as CBP/p300. 
In fact, the majority of the existing reports on acetylated 
proteins discuss what the functional consequence of 
acetylation may be (Gu and Boeder, 1997) and not so 
much regarding the proteins or pathways downstream of 
acetylation. We decided to address this question by 
'Utilizing affinity pull-down experiments using wild-type or 
acetylated 42-54 peptides coupled to a biotin moiety. 
The biotinylated peptides were Incubated with various 



^*S-labeled proteins or nuclear extracts followed by di- 
rect radioactive detection or Western blot for transcrip- 
tion factors involved in HIV-l transcription. The results of 
such an experiment are shown in Fig. 7A, where ''S- 
labeled TBP, CBP, and cyclin T could efficiently bind to 
wild-type but not acetylated 42-50 peptide. A similar 
experiment was performed using a purified HeLa core- 
Pol II fraction (Inostroza ei el., 1994; Piras et aL 1994), 
followed by Western blot for Pol II. Results from Western 
blots indicated that wild-type and not acetylated peptide 
was capable of binding to core-Pol II. In an attempt to 
find substrates that could bind to acetylated peptide, we 
performed a series of binding assays followed by 
excision of bound peptides from gels and subjected 
them, to mass spectrometry. The initial material for 
pull-down assays was whole HIV-1 virus (pDH125, a 
generous gift from M. Chow and M. Martin) reconsti- 
tuted in vitro with all four histones. The bound com- 
plexes were washed with 150 mM salt and 0.5% NP-40, 
run on SDS-PAGE, and silver-stained, arid peptides 
were excised and subjected to mass spectrometry. 
The results of such an experiment are shown in Fig. 
7B. where acetylated Tat peptide was able to bind to 
core histones. It is interesting to note that core his- 
tones in the absence of DNA did not bind to acetylated 
Tat, indicating that a fixed conforqjation of nucleosome 
is required for Tat to bind to core histones. Therefore, 
these data collectively suggest that acetylated Tat may 
leave the initiation complex behind and retain its bind- 
ing to nucleosomal DNA. 

DISCUSSION 

. In recent years it has become apparent that non-DNA- 
binding transcriptional coactivators, such as p300 and 
CBP. that were previously thought to function primarily as 
"bridging"* proteins between DNA-bound transcription 
factors and the basal transcription complex play a critical 
regulatory role as integrators of diverse signaling path- 
ways in the selective induction of gene expression. Many 
examples of such phenomena, are exemplified by CBP/ 
p300's interaction with an array of transcription factors 
including sequence-specific DNA-binding proteins, such 
as the NF-kB CREB. or activator protein 1 (AP-1) family 
members, that interact with the promoter and act as 



FIG. 5. Mutation of the lysine residues et position 50 and 51 of Tat and their reduced LTR transactivati'on activity. (A) CAT essays were performed 
from lysates of iransfected CEM (12D7) cells with LTR-CAT (3 m9) varying concentrations of CMV-Tat mutants (1 and 5 jmg). Lanes 1 and 2 
represent basal transcription of LTR-CAT and Tat (1 ^g) activated transcription, respectively. Lanes 3-8 show transfection of single- or double-mutant 
Tat constructs into CEfvl cells. The mutants were pcTat {K50A, la'nes 3, and 4). pcTat (K51A, lanes 5 and 6). and pcTat (K50A/K51A. lanes 7 and 8). Cells 
were transfected by the electroporetion method and processed for CAT assay 24 h later. The percentage of CAT conversion is indicated at the bonom 
of each lane. (B) Cotransfection of pcTat (K50A/K51 A) alone or with CBP (2.5 pig) in CEM cells is shown in lanes 4 and 5. respectively Lanes 1 and 
6 serve as negative controls. Titration of either pcTa! (K50A/K51A} or CBP plasmids showed similar results, where CBP was not able to rescue the 
Tat mutant construct (data not shown). (C) Transfection of various proteins along with LTR-CAT reporter into CEM cells. CEM cells were grown to log 
phase of growth and transfected with purified synthesized TAT 72 proteins of wild type, IC 50/51 substituted with R. or K 50/51 substituted with A A 
total of 3 /iQ of LTR-CAT DNA along with 0.5 fug of TAT proteins was electroporated into CEM cells (at 230 V). Extracts were analyzed 24 h after 
transfection for the presence of CAT enzyme. 
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FIG. 6. Both lysines K50 and K51 of Tat play an Important role in activation -of the proviral integrated Hiv-i DNA. HLM1 cell is a HeLa-derived cell 
line that contains a wild-type integrated copy of the HlV-1 proviral genome except for the Tat open reading frame. Therefore, HLMI cells are negative 
for virus particle production unless they are provided with cytokine signals, such as TNF, or ectopic addition of Tat, as determined by the presence 
of p24 gag antigen In the supernatant. (A) Coactivation of integrated HIV-1 provirus by Tat and CBP. HLMi cells were transfected alone with Tet (60 
ng), CMV-CBP (6 fjug), ElA (6 ^q), ot in combination with each other by the CaPO* precipitation method. The p24 gag antigen ELISA was performed 
•from supernatanls obtained at days 3. 7, and 10 after transfection. It is interesting to note that cotransfection of Tat plus CBP increased the production 
of HlV-1 particles in HLMi cells and ElA was able to reverse the CBP effect, presumably by binding to CBP and inhibiting the HAT activity. (B) HLMI 
cells were transfpcted either alone with wild-type Tat and mutant Tat clones (single-mutants K50A and K5i A end double-mutant K50A/K61A) or with 
.CBP Into HLMI cells and p24 gag antigen measured at various time points. (C) Titration of double-mutant Tat (K50A/K51A) with CBP performed in 
HLMI cells. Varying concentrations of the Tat double-mutant were transfected either alone or with 6 ^ of CBP Supernatants were collected at days 
7 and 10 for the p24 gag ELISA assay. All experiments, in A, B, and C were performed twice. 



either enhancers or repressors of gene expression dur- 
ing cellular activation. Members of the p300 and CBP 
family also appear to be present only in higher eu- 
karoylic cells including Caenorhabditis eiegans and Dro- 
sophila, and not in the yeast Saccharomyces cerevisiae. 
Thus, p300/CBP-like proteins are likely confined to mul- 
ticellular organisms where they may fulfill specific func- 
tions required for proper growth and development 



Many viruses have evolved mechanisms to control 
both viral and host transcriptional machinery through 
CBP/p300. Generic virus Infection of cells results in a 
dramatic hyperacetyiation of histones H3 and H4 by 
CBP/p300. which is localized to target cellular promoters 
such as IFN-/3 promoter (Parekh and Manlatis. 1999). 
Also, both DNA and RNA viruses have evolved means to 
control CBP/p300 in both activation and repression. For 
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FIG. 7. Binding of acetylated Tat to various transcription factors. (A) Sclnematic representation ot the putl-down experiment and the results of 
Western blots of the pull-down components with anti-TBP. CBP, cyclin T. and Pol 11. The synthesized Tat peptides (42-54) with or without acetylated 
Jysines at positions 50 and 51 were labeled with biotin at the N'terminus. The peptides were incubated with in vitro translated, ["S]methronine/ 
cystelne-labeled TBP, CBP. cyclin T and purified core-HeLa Pol It. Streptavidin-agerose beads were used to pull down the peptide*associated 
complexes. The pull-down complexes were washed three times and separated on the 4-20% SDS-PAGE gel. For Western blots they were transferred 
to PVDF membranes and bloned with the antibodies against TBP, CBP, cyclin T. and Pol II. Pull-down experimenis with "S-labeled TBP, CBP, and cyclin 
T were also performed to confirm the Western blot data. (B) Pull-down complexes from chromatin assembled HIV-I ONA with the wild-type 
unacetylated Tet peptide (42-54, lane 2) or double-ecetylated Tat peptide (42-54) at positions 50 and 51 lysines (lane 3) were separated on SDS-PAGE, 
stained with Coomassie blue, excised, subjected to digestion for trypsin digest, and analyzed by mass spectrometry. Western blots for histones H2A. 
H2B. H3, and H4 were also performed to confirm the mass spectrometry analysis (data not shown). 



instance, the oncogenic human papillonnavirus type 16 
(HPV-16) E6 binds to three regions (C/Hl, C/H3. and the 
C-ternninus) of both CBP and p300. Interestingly. HF^V-16 
E6 inhibits the intrinsic transcriptional activity of CBP/ 
p300 and decreases the ability of pSOO to activate p53- 
and.NF-KB-responsive promoter elements (Patel et a!., 
1999). Similarly, human herpesvirus 8/Kaposi sarcoma- 



associated virus IRF 1 protein also targets the carboxy- 
terminal region (aa 1623 to 2414) of the transcriptional 
coactivator p300 (Buryseic et aL 1999). RNA retroviruses 
such as MMTV, HTLV-I. and HIV have also been noted for 
regulating p300/CBR CBP suppresses the responsive- 
ness of the mouse mammary tumor virus (MMTV) pro- 
moter to dexamethasone in a dose-dependent fashion 
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FIG. 8. A general scheme of various Tat domains. (A) Conservation o1 the doubte-lysine motif of Tat among various HIV-1 clades. The Tat protein 
and peptides used in this study were of North American Clade B type. (B) The double-lysine motifs of Tat resemble those in p53 and ACTR proteins, 
which are also acetylated by C6P/p300 as indicated by asterisks. 



(Kino et al., 1999), as well as alleviating NFI-C-mediated 
repression of MMTV by ectopic expression of p300/CBP 
(Chaudhry et al.. 1999). Transcriptional activation of the 
HTLVrl sequences by Tax and CBP is induced by reini- 
tiation of transcription (Kashanchi et sL 1998). and cyto- 
kine and Tat regulation of HIV transcription requires 
binding of the p300 coactivator to the promoter region 
(Hottigerera/., 1998; Hottigerand Nabel, 1998: Benkirane 
etal.. 1998; Mar^io et aL, 1998; Kiernan al„ 1999; Ott et 
Bi, 1999), 

CBP/p300 acetylates the core histones as well as 
nonhistone proteins such as the tunDor suppressor pro- 
tein p53. the hematopoietic transcription factor GATA-1, 
and the basal transcription factors TFIIE and TFIIR al- 
though their biological functions are still not well under- 
stood. To test whether HIV-l Tat could also be specifi- 
cally acetylated by CBP/p300, we used the purified full- 
length Tat (1-86) protein and found that the labeling was 
completely dependent on the presence of the CBP/p300 
HAT domain. The labeling was most efficient with puri- 
fied Tat and not GST-Tat (1-101). GST-Tat (1-86). GST- 
Tat (1-72). or 17 other GST-Tat mutants. 

When using Tat peptides to pinpoint the amino acid 
residues important for acetylation, we found that the both 



lysines in the highly conserved region (*^RKKRRQ") of 
the basic RNA-binding motif of Tat were acetylated by 
CBP/p300 (see Fig. 8). Importantly upon transfection of 
K50A or K51 A Tat vectors with reporter HIV-LTR CAT, we 
observed a slight drop in transcriptional activity but a 
more pronounced drop in iransactivation with the dou- 
ble-mutant K50A and K51A. This suggested that both, 
lysines together are important in the transient transfec- 
tion assays. However, when using HLMI cells, contain- 
ing integrated virus, we observed that both point muta- 
tions at position 50 and 51 were equally deleterious in 
activation of the integrated chromatinized HIV-1 DNA and 
that ectopic expression of the CBP could not activate 
either of the 50 or 51 mutants in these cells. Therefore, 
we believe that both lysines are equally important for in 
vivo activation of the latent virus. 

When examining for the effect of wild-type or acety- 
lated Tat on RNA binding, we found that the acetylated 
Tat peptide or protein was not able to bind to TAR RNA. 
This is in marked contrast to other acetylated proteins 
such as p53, where acetylation increases the DNA-bind- 
Ing activity (Gu and Roeder, 1997). More Interestingly, 
when performing competition experiments with wild- 
type, acetylated. or alanine-substituted Tat peptides in 
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the same reaction, we observed that wild-type 41-54 but 
not other derivatives was able to enhance the binding of 
CBP to Tat as well as other basal factors such as TFIIB 
and TBR This intriguing result indicates that CBP/p3G0 
family members are subject to conformational change 
upon binding to viral and possibly cellular activators. In 
support of the change of conformation hypothesis, we 
have recently obtained preliminary data suggesting that 
in vitro translated CBP in presence of wild-type but not 
acetylated Tat peptide is susceptible to endoproteinase 
Glu-C digestion and not to other nucleases such as 
trypsin, endonuclease Asp-N, or Lys-C proteases. 

CBP/p300's ability to acetylate Tat has recently been 
examined in a chromatin reconstitution experiment. 
When using purified basal transcription factors NF-kB, 
SP1, and cdic9/cyclin T in an in vitro transcription reac- 
tion, where the HIV- 1 DNA is chromatinized. we ob- 
served no activated transcription in vitro, indicating that 
the mere presence of cdk9/cyclinT is not sufficient to 
drive RNA pol II through chromatin DNA. However, only 
in the presence of added minimal p300 HAT domain or 
wild-type p300 do we find activated transcription on 
HIV-1 DNA (Deng, unpublished data). Therefore, the role 
of the cdk9/cyclinT complex in HIV-l transcription may 
be to phosphorylate the CTD of RNA pol H and that of 
*p300 may be to acetylate the natural core histones on the 
HIV-1 genome. To this end. we have mapped the pro- 
jnoter region (-500 to -1-200) of 26 different HIV-1 clade 
isolates ranging from subtypes B to O and have ob- 
served that all viral isolates have chromatinized DNA in 
vivo, further indicating that the HIV-1 B clade that we 
have used in this study (in HLMI cells) was not the only 
HIV-1 chromatinized template in vivo. Finally our results 
show that the acetylated Tat decreases Tats ability to 
bind the TAR RNA element, as well as to bind basal 
factors TBP and core-Pol II, but increases the efficiency 
of binding to core histones and only when assembled as 
a nucleosomal HIV-1 DNA. This notion may provide a 
mechanism of how Tat is able to leave the initiation 
complex behind and to facilitate chromatin modification 
or remodeling downstream of the transcription initiation 
.site, perhaps by aiding in disruption of the nuc-1 nucleo- 
some. El Kharroubi ef aL (1998) demonstrated that ex- 
pression of a functional Tat could alter the chromatin 
structure downstream of the HIV-1 promoter and that the 
binding of Tai to TAR (as occurs vyith Tat K41T) failed to 
induce chromatin remodeling. Recently, using in vitro, 
reconstituted chromatin templates, we found that Tat- 
p300 interaction increases the acetylation of a nucleo- 
somal histone. Such enhancement of histone acetylation 
may be due to the finding that the acetylated Tat binds 
with higher efficiency to nucleosomal DNA and changes 
the conformation, resulting in the accessibility of histone 
tails to p300. Acetylation of histones may flag other 
proteins needed for disruption of nuc-1 and subsequent 
transcription. Future experiments will determine the nu- 
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cleosomal position(s) that is affected by acetylated Tat 
on whole HIV-1 DNA. 

MATERIALS AND METHODS 

Cell culture and labeling 

Log-phase CEM (12D7) T-lymphocytes (Kashanchi ef 
a/., 1992, i994a. 1994b) were grown in culture at 37*'C up 
to 1 X 10^ cells/ml in RPM! 1640 medium containing 10% 
fetal bovine serum treated with a mixture of 1% strepto- 
mycin, penicillin, and 1% L-Glutamine (GIbco BRL). 
HLM-1 cells (AIDS Research and Reference Reagent 
Program. Catalog No. -2029) were derived from HeLa-T4* 
cells integrated with one copy of the HIV-1 genome 
containing a Tat-defective mutation. The mutation was 
introduced as a triple termination linker at the first AUG 
of the Tat gene (Sadaie and Hager, 1994). HLM-1 cells 
are negative for virus particle production, but can be 
induced to express noninfectious HIV-1 particles after 
transfection with Tat cDNA or mitogens such as TNFa or 
sodium butyrate. HLMI cells were grown in Dulbecco's 
modified Eagle's medium (DMEM) containing 100 /xg/ml 
of G418. plus 1% streptomycin, penicillin, and 1% L-glu- 
tamine (Gibco BRL). These cells were always grown to 
75% confluency before transfection or passages. 

Labeling experiments were performed on log-phase 
75% confluent HeLa/eTat or control HeLa/pcep4 cells 
(Kashanchi ef a/.. 2000). Cells were pulsed for 3 h with 
['H]acetate (0.4 mCi. ICN) in complete DMEM plus hy- 
gromycin. Cells were also incubated overnight with 
[^*S]methio.nine/cysteine (0.2 -mCi/nhl, NEN) in methio- 
nine/cysteine-free medium and 10% dialyzed FCS. Nu- 
clear lysates vyefe prepared in 1 ml of lysis buffer (300 
mM NaCI. 0.1% NP-40. 10 mM NaHaPO*. 1 mM EDTA. pH 
8, 1 mM DTT, 50 mM sodium pyrophosphate, 10 mM NaF, 
8 mM sodium butrate), and immunoprecipitations were 
performed on 0.5 mg protein extract. Tat was detected 
using immunpprecipitation from cellular lysates with 
monoclonal 12CA5 Ab cross-linked to beads for 3 h and 
eluted with a 100-fold excess of influenza peptide for 8 h 
at 4**C. The sequence of peptide used for elution was as 
follows: ''YPYDVPDYASL''. Four independent ['HJacetate 
and [^^Sjmethionine/cysteine labeling experiments were 
performed with similar results. 

Lymphocyte transfection 

Lymphocytes (CEM, 12D7) were grown to mid-log 
phase of growth and were processed for electroporation 
according to a previously published procedure (Kashan- 
chi et ai„ 1992). Only one modification was introduced, 
where cells were electroporated at 230 V and plated in 
10 ml of complete RPMI 1640 medium for 18 h prior to 
han/est and CAT assay 
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Transfection and HIV-1 detection of HLM, cells 

HLM, cells were propagated In DMEM (containing 100 
/xg/ml of G418) and transfected with the plasmid DMAs 
including Tat, mutant Tat. and CBP using the calcium 
phosphate method. The transfected cells were washed 
after 4 h and fresh complete DMEM with 10% fetal bovine 
was added for the remainder of the experiment. The p24 
gag antigen was detected with a standard ELISA kit 
(Abbott) using the supernatants of transfected cells at 
days 3. 7, and 10. 

Plasmids 

HIV-LTR-CAT reporter and eukaryotic Tat expression 
vectors (pcTat) have been described previously 
(Hauber ©fa/.. 1989; Kashanchi era/., 1994b). Mutants 
of the lysine residue at position 50 and/or 51 of the Tat 
expression plasmid were constructed from pcTat, by 
replacing the EcoNI fragment with synthesized mu- 
tated oligo adaptor. The following top strands for each 
mutated construct are indicated; for K50A. 5'GGCAGG- 
eCSAAGCGGAGACAGCGACGAAGACCTCCa': for K51A. 
5'GGCAGGAAGGCGCGGAGACAGCGACGAAGACCTCG3'; 
and for K50/A+K51/A, 5'GGCAGGGCGGCGCGGAGAC- 
AGCGACGAAGACCTCC3'. Eukaryotic expression vectors 
for CBP El A have previously been reported (Chakravarti et 
ai, 1999). GST-P300 (HAT) from aa 1197 to 1735 was PGR 
amplified from a pSOO B fragment as well as the p300 C 
fragment and subcloned into pGEX (more details of sub- 
cloning will be provided upon request). The resulting re- 
combinant vector was transformed into £ coli DH5a and 
were grown overnight in 10 ml of LB with 100 ptg/ml of 
empicillin. A 500-ml LB + ampicillin flask was inoculated 
with the overnight culture and was gi-own for 4 h at 37*'C. 
ls6propyl-1-thio-t>-D-galactopyranoside was added to a final 
concentration of 0.1 mM to induce fusion protein expres- 
sion, and the culture was switched to 30*^0 for an additional 
4 h. Cells were collected by centrifugation in a GSA rotor at 
5800 g for 10 min at 4°C. For sonication. the bacterial pellet 
was resuspended in 25 ml of phosphate-buffered saline 
containing 1 mM phenylmethylsulfonyl fluoride and was 
sonicated (Branson) for 35 pulses at the 3.5 microprobe 
setting. The resulting mixture was centrifuged in a GSA 
rotor at 5800 g for 10 min at 4*'C. A second centrifugation in 
d SS-34 rotor at 23.500 g for 20 min at A^'C clarified the 
extract of remaining debris. GST-fusion proteins were 
bound to agarose beads overnight, washed the next day, 
and run on 4-20% SDS-PAGE for both quality and quantity 
prior to use in HAT assays. • 

Baculovirus expression and protein purifications 

Sf9 cells were grown to mid-log phase in HyClone HyQ 
CCM-3 serum-free medium utilizing spinner flask culture 
methods. For pSOO infection, the cells were Infected with 
11 ml of p300 FLAG virus at 2.0 x 10^ cells/ml and then 



allowed to incubate at 10 rpm for approximately 1 h. After 
this initial incubation/infection time the spinner plates 
were turned up to 70 rpm for the remainder of the 
incubation. The cells were collected via centrifugation 
48 h after infection. The cell culture normally yielded 
approximately 2 ml of PCVfrom 500 ml of original culture 
volume, and the cell pellet was processed for further 
purification. Samples were lysed with lysis buffer, con- 
taining 50 mM Tris-CI. pH 74. 120 mM NaCI. 5 mM EQTA, 
0.5% NP-40, 50 m'M NaF (phosphotyrosine phosphatase 
inhibitor), 1 mM DTT, and 1 mM PMSF, and processed 
with 12CA5 monoclonal antibodies for further purifica- 
tions. 

Histone acetyltransferase assay 

HAT assays were performed as 30-/Ltl total reactions at 
37°C for 60 min in buffer containing 1 of purified 
GST-p300 HAT (1 mg/ml). 200-400 ng substrate proteins 
or peptides, and 1 /Jtg of histones H2A, H2B, H3. and H4 
In 20 mM HEPES-NaOH. pH 7.4. 1 mM dithiothreitol, 10 
mM sodium butyric acid, and 1 y^ of ['*C]acetyl-Coen- 
zyme A (65 mCi/mmol, ICN). Proteins and peptides were 
resolved on 4-20% or 15% SDS-PAGE. Gels were dried 
and exposed to a Phospholmager cassette. 

Preparation of TAR RNA and RNA-binding 
experiments 

The plasmid pT7 was constructed from pU3R-lll con- 
taining a T7 promoter at nucleotide -hi of HIV (Gunnery 
et al.. 1990). pT7 was linearized at nucleotide . +82 by 
digestion with H/ndlll and transcribed using T7 RNA 
polymerase (Promega). TAR RNA was labeled with 
[a-^^P]UTP and was subjected to electrophoresis in a 
10% polyacrylamide gel. The major radioactive RNA band 
was eluted and extracted with phenol/chloroform and 
precipitated with ethanol. 

Gel mobility shift reaction (16-ptl final reaction volume) 
was carried out in binding buffer (10 mM HEPES. pH 73; 
100 mM KCI; 1 mM MgClj; 0.5 mM EDTA; i mM DTT; and 
10% glycerol) and contained 3 ng of labeled TAR RNA as 
well as 200 ng tRNA as nonspecific competitor. Reac- 
tions were incubated for 30 min at room temperature and 
RNA-bound complexes were separated on a prerun 6% 
DNA retardation gel (Novex) containing 0.5X TBE buffer, 
at 7 W for 2.5 h at 4«C. 

Peptide synthesis 

The biotinylated peptides were prepared on a PAL- 
PEG-polystyrene resin by coritinuous-flow solid-phase 
synthesis on a PerSeptive Biosystems Pioneer synthe- 
sizer (Framingham, MA) using HBTU-actlvated Fmoc 
amino acids. Side chain protection was as follows: Arg 
(Pmc), Gin (Trt). Lys (Dde), Ser. and Tyr (Bu'). Peptide 
assembly was concluded by N"-acylation with HBTU- 
activated biotin. The resin-bound peptide was then 
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treated with 3% hydrazine in DMF for 20 min to selec- 
tively remove the Dde groups from the side chain of Lys. 
The resin was then divided into two equal portions and 
one-half was subjected to a 1-h treatment with an excess 
of acetic anhydride in the presence of an equivalent 
amount of base to acetylate the resulting free groups. 
Both peptides were then separately cleaved from, the 
solid support and simultaneously the remaining side 
chain was deprotected by reaction with trifluoroacetic 
acid in the presence of scavengers. Peptide purification 
was achieved by conventional reverse-phase HPLC on 
vydac C18 (Hesperia, CA) in an overall yield of 25-30% 
based on starting resins. The purity of the two peptides 
was confirmed by analytical reverse-phase HPLC, capil- 
lary zone electrophoresis, and matrix-assisted laser de- 
sorption time of flight mass spectrometry. For the non- 
acetylated peptide, we found MH"^ 1757.5 (calc. MH* 
17571). For the acetylated peptide, we found MH* 1840.9 
(calc MH*. 1840.1). 
• Synthesis of acetylated peptides at positions 50. 51. 
and 50+51 was carried out on the ABI 433A Peptide 
Synthesizer (PE Biosystems, Foster City, CA) using Fast- 
moc chemistry with A/*-acetyl-L-lysine. which was pur- 
chased from Novabiochem (San Diego, CA). After cleav- 
age and deprotection, the peptides were purified by 
*HPLC (Dionex, Sunnyvale, CA) using an acetonitrile gra- 
dient on a C 18 reverse-phase column (Pharmacia, Pis- 
.cataway. NJ). The amount of protein was determined by 
Bio-Rad protein assay as well as by running small all- 
quots on 4-20% SDS-PAGE followed by silver staining. 

Streptavidin bead pull-down assay 

Synthesized Tat (42-54) peptides, labeled with biotin 
at the N-terminus, and with or without an acetyl group at 
lysines 50 and 51, were used in the pull-down assays. 
The biotin-labeled Tat peptides were incubated with the 
cell extracts in TNE50 buffer (lOQ mM Tris-HCI, pH 75; 50 
mM NaCI: 1 mM EDTA; 0.1% NP 40) at 4**C overnight. 
Streptavidin beads (Boehringer Mannheim) were added 
to the mixture and incubated for 2 h at 4**C. The beads 
were washed three times with TNEim (100 mM Tris-HCI, 
•pH 75. 150 mM NaCI; 1 mM EDTA; 0.1% NP-40). The 
bound proteins were separated on 4-20% SDS-PAGE 
and subjected to Western blotting with antibodies 
against TBP, CBP. cyclin T. and RNA polymerase II (Santa 
Cruz Inc.; SC;900 (C21) for Pol II, Sc-1211 (451) for CBP, 
Sc-204 (N12) for TBP, and cyclin T (a generous gift from 
M. Mathews). 

Nucleosome reconstitution by salt dialysis 

The core histones were purified from HeLa cells by the 
method of Simon and Felsenfeld (1979). Chromatins 
were prepared from high-molecular-weight DNA and 
plain and purified core histones by dialysis from 1 M 
NaCI (Imbalzano. 1998; Stein. 1989). Ten micrograms of 



plasmid DIMA of pDHl25 (whole HIV-1 genome, a gener- 
ous gift from M. Cho and M. Martin. NIAID/NIH) was 
.mixed with 5 /utl of 5 M NaCI and 2 ^tl of lOx reconsti- 
tution buffer (0.15 M Tris-HCI, pH 75; 1. mM DTT; 2 mM 
EDTA) by pipetting up and down repeatedly. Later, 15 /mg 
of core histones was added in a total volume of 20 the 
volume was adjusted by adding ddHgO. Samples were 
gently flicked in the tube to mix and incubated at 37**C for 
20 min. Sequential dilution was carried out by adding 10 
/xl of 1 X reconstitution buffer every 10 min. for 3 h at 
37 °C. At each time point, samples were mixed by pipet- 
ting up and down. An aliquot was run on agarose gels to 
ensure proper assembly prior to each experiment. 

In-gel digestion, mass spectrometry, and proteiri 
identification 

The in-gel digestion was performed based on a pro-- 
cedure previously diescribed by Fernandez et ai (1998). 
The gel bands of interest were excised from SDS-PAGE 
and digested with 0.2 ^ig of trypsin (Promega modified 
sequencing grade trypsin). The digests were desalted 
using C18 ZipTips (Millipore) according to the manufac- 
turer's protocol. A I'/ulI aliquot of sample was taken for 
peptide mass mapping on a PerSeptive Biosystem 
DEPRO MALDI-TOF Mass Spectrometer using a-cyano- 
4-hydroxycinnamic acid as the matrix. Analysis was per- 
formed in the linear delayed-extraction mode, with exter- 
nal calibration. Protein identification by mass mapping 
was performed through the Propound Web site located at 
Rockefeller University (prowl.rockefeller.edu). 
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